SUMMARY In situ perfusion of rat intestine was used to evaluate the effect of bicarbonate on the efficacy of a low sodium (35 mmol/l) glucose-electrolyte oral rehydration solution in normal and cholera toxin-treated rat small intestine. In normal intestine, absorption of water was greater (108 (8-1) .l/min/g; p<001) and sodium secretion less (-4-3 (0.3) [tmol/min/g; p<001) from the oral rehydration solution containing bicarbonate than from the solution in which bicarbonate was replaced by chloride ions (59 5 (7.2) ,tl/min/g and -7-8 (0.8) ,umol/min/g, respectively). Glucose absorption in normal intestine was similar with both solutions. In the secreting intestine, both oral rehydration solutions reversed net water secretion to absorption, but inclusion of bicarbonate resulted in significantly less net absorption of both water (2 18 (6.9) [tl/min/g; p<0-05) and glucose (18.7 (2.1) [tmol/min/g; p<0-001) compared with bicarbonate free oral rehydration solution (19.4 (3.9) ,tl/min/g and 35-8 (3.7) [mol/min/g, respectively). Net sodium secretion occurred in normal and secreting intestine but was significantly less with the bicarbonate containing oral rehydration solution. These findings suggest that the demonstrable advantage of bicarbonate in promoting water absorption from this oral rehydration solution in normal rat intestine does not apply to cholera toxin treated secreting intestine.
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Glucose-electrolyte oral rehydration solutions (ORSs) are effective in the treatment of dehydration caused by acute diarrhoeal illnesses including cholera,' and their widespread use has contributed significantly to the decrease in morbidity and mortality associated with these infections. Rmol/min/g) occurred during perfusion of normal small intestine (n= 12) with isotonic 150 mmol/l sodium chloride (Fig. 1) . Perfusion with the same solution after exposure to cholera toxin (n= 12) resulted in net secretion of water (-47.8 (11.8) [tl/min/g; p<0001) and sodium (-3.7 (2.1) fmol/ min/g; p<0.001) and decreased absorption of chloride (+6.6 (.11) v +14 (1.7) [tmol/min/g; p<001) compared with normal intestine (Fig. 1) , confirming induction of a secretory state. free glucose saline ORS resulted in net water absorption (Fig. 1) . This almost doubled with the addition of 18 mmol/l of bicarbonate to the solution (p<0-01). In the secreting intestine, net water secretion was reversed to net absorption by bicarbonate free glucose saline ORS (Fig. 1 ), but net absorption was less than with the same solution in the normal intestine (p<0.001). In contrast with the normal intestine, the addition of bicarbonate to the glucose saline ORS did not enhance water absorption, but resulted in a 10-fold reduction in water absorption (p<005, Fig. 1 ).
EFFECT OF BICARBONATE ON SOLUTE MOVEMENT
Sodium movement Perfusion with both test ORSs resulted in net sodium secretion in normal and secreting intestine despite net water absorption. The addition of bicarbonate to the ORS significantly reduced the degree of sodium secretion in the normal intestine (p<0.01) and secreting intestine (p<0-001), although net sodium absorption never occurred (Table) .
Chloride movement In the normal intestine net chloride absorption occurred from the bicarbonate free ORS and secretion from the ORS containing bicarbonate (p<0001). Secretion of chloride by the secreting intestine was similar with the bicarbonate free and bicarbonate containing solutions (Table) .
Potassium movement Although net potassium absorption was less from the bicarbonate free than from the bicarbonate containing ORS in the normal intestine (p<0-01), absorption was similar from both solutions in the secreting intestine (Table) . Bicarbonate movement In the normal and secreting intestines, net bicarbonate secretion occurred during perfusion of the bicarbonate free ORS, and absorption of bicarbonate occurred from the ORS containing bicarbonate. Bicarbonate absorption from ORS containing bicarbonate was severely impaired in the secreting intestine, being 10-fold less than in normal intestine (p<O.O0l).
EFFECT OF BICARBONATE ON GLUCOSE ABSORPTION
In normal intestine there was no significant difference between glucose absorption from the bicarbonate free or bicarbonate containing solution (Fig. 2) . In the secreting intestine, however, the addition of bicarbonate to the ORS almost halved glucose absorption (p<0-001).
pH and osmolality The mean pH of the ORS with bicarbonate was 8 15 (0.02) and of the ORS without bicarbonate was 5.89 (0.21) and these differed significantly (p<0.01). The mean intraluminal pH, however, differed less, suggesting that pH equilibrates rapidly in the small intestine. In the normal intestine the intraluminal pH was similar in those who received the ORS with and without bicarbonate respectively (7-08 (0.03) v 7-01 (0.03); p>0-05). In the secreting intestine, the effluent pH was higher (7.13 (0.04)) in those perfused with ORS with bicarbonate than in those perfused with ORS without bicarbonate (6.84 (0.05); p<005).
The mean ORS osmolality was 316 (0.7) mOsm/ kg. The mean intraluminal osmolality was similar in all groups. In normal intestine, osmolality was 297-3 (2) and 290-5 (2) mOsm/kg in those perfused with ORS with and without bicarbonate, respectively. In secreting intestine, values were 292 (2.7) and 305.8 (2.4) mOsm/kg in those perfused with ORS with and without bicarbonate, respectively.
Discussion
Perfusion of normal rat intestine has been used previously to evaluate the potential efficacy of established and experimental ORS."1`21 We have developed this rat model of intestinal secretion as we cohsidered it might reflect more closely the pathophysiology of acute diarrhoeal disease, particularly that due to enterotoxin.'`The validity of using an animal model should always be questioned but our findings on the pattern of water absorption in normal intestine in our model confirm previous observations in man that: (i) little or no net jejunal sodium or water absorption occurs from an isotonic sodium chloride solution,'8 (ii) the addition of glucose to an isotonic saline solution enhances water absorption, '8 and (iii) the addition of bicarbonate to a saline solution enhances small intestinal water and sodium absorption.'r We have also recently shown that there is close parallelism between the way in which normal rat and human small intestine handle a variety of ORSs (unpublished observations), although comparisons in the secreting intestine have as yet not been made.
In our experiments in the normal rat intestine we confirmed that bicarbonate enhances water and sodium absorption. Net absorption of sodium, however, was not achieved in any of the experiments, and probably relates to the low sodium concentration (35 mmol/l) of this ORS. It has been shown in the human jejunum that sodium movement is critically dependent on the luminal sodium concentration and that net absorption does not occur until a luminal concentration of 90 mmol/l is reached.2' Our own work in the rat whole small intestine confirms this although a luminal concentration of >120 mmol/l was necessary for net sodium absorption in this secreting model. 522 Net water absorption occurred despite net sodium secretion emphasising the importance of osmotic forces in determining water absorption. In this situation water absorption probably occurs as a result of the osmotic drive generated by the hyperosmolar region at the tip of the villus.23
In the secreting intestine, however, bicarbonate failed to enhance water absorption. Indeed water absorption was actually reduced. Bicarbonate did, however, reduce net sodium secretion (Table, Fig.  1 ). The reason for this disjunction of sodium and water absorption is not clear and requires further investigation. It is of interest though that bicarbonate a absorption was markedly decreased in the secreting intestine compared with the normal intestine. A further unexpected observation was that glucose absorption was decreased in the secreting intestine in the presence of bicarbonate whereas in the normal intestine bicarbonate as expected had no effect on glucose absorption (Fig. 2) . Thus in our model of the secreting intestine bicarbonate inhibits water and glucose absorption.
The pH of the ORSs perfused was not adjusted to the physiological range for the small intestine as no such adjustment is made when ORSs are given therapeutically. We do not consider that this difference in initial pH can explain our findings because the stimulatory effect of bicarbonate on sodium and water absorption is independent of luminal pH.4 Measurement of luminal pH in our study suggests that ORS pH equilibrates rapidly in the small intestine.
Luminal osmolality did not differ substantially from the original ORS osmolality, suggesting that the observed water absorption is closely related to overall absorption of osmotically active particles. Thus, in the secreting intestine, the fall in water absorption is caused primarily by the fall in glucose absorption and this might explain the disjunction of sodium and water absorption.
The adverse effect of bicarbonate seen in the secreting intestine may relate to an adverse effect on enterocyte function by an alkaline solution. This seems unlikely, however, as a similar effect was not observed in the normal intestine. Further, the jejunum is constantly exposed to large quantities of bicarbonate rich endogenous secretions from the liver and pancreas.
These data show that in this model bicarbonate does not enhance the action of this ORS and indeed appears to have a detrimental effect with respect to water movement. Our findings also emphasise the fact that the normal and secreting intestines behave differently and that results obtained in the normal gut do not necessarily apply to disease states. One must be cautious when extrapolating these findings to man. When taken by mouth the solute concentration and osmolality of an ORS is almost certainly altered before it enters the jejunum and so these studies may not be an accurate reflection of the clinical situation. There is, however, support for our observations from clinical trials. ORSs without bicarbonate have been shown to be effective for correction of both dehydration and acidosis.W" Furthermore, in some studies comparing bicarbonate and citrate, stool volume was higher when bicarbonate was included in ORS.'4 2 Thus there seems little experimental or clinical evidence to justify the addition of bicarbonate to ORS-particularly as its addition increases the cost, and decreases the shelf life of ORSs. Bicarbonate is probably required only in the treatment of acute gastroenteritis when acidosis is severe, although it seems likely that on these occasions parenteral fluid replacement would also be necessary. 
